The efficacy and safety of testosterone replacement therapy (TRT) in hypogonadal men remain incompletely understood.
Conclusion:
In hypogonadal men, TRT improves sexual desire, erectile function and sexual satisfaction; however, it increases the risk of erythrocytosis. (J Clin Endocrinol Metab 103: [1745] [1746] [1747] [1748] [1749] [1750] [1751] [1752] [1753] [1754] 2018) T he Endocrine Society recommends that testosterone replacement therapy (TRT) should be prescribed to symptomatic hypogonadal men with low levels of total testosterone (TT; #300 ng/dL) (1) . The recent two-to fourfold rise in testosterone prescription in the last 20 years is disproportional to the rate of diagnosed testosterone deficiency (2) . One study found that almost 20% of men who were prescribed testosterone did not meet the laboratory criteria (#300 ng/dL) (3), suggesting that guidelines' recommendations may not being followed.
Despite the multiple TRT systematic reviews (SRs) available in the literature, none have summarized the evidence, including only patients for whom TRT is recommended. Most include hypogonadal men without a clear testosterone cutoff (4) (5) (6) (7) (8) (9) , and some include asymptomatic men with low levels of testosterone (e.g., TT , 231 ng/dL) (10) and symptomatic men with normal to low levels of testosterone (e.g., TT , 433 ng/dL) (11) , which introduces a limitation when translating the body of evidence in patient care.
As a result of the alarming rise in testosterone prescription and uncertainty about the benefits and harms of TRT on patient important outcomes (PIOs), such as sexual function (4, 10, 12, 13) or erythrocytosis (8, 13) , the Endocrine Society commissioned this SR to determine the efficacy and adverse events associated with TRT in symptomatic hypogonadal men.
Methods
This SR and meta-analysis were performed following a protocol established and approved a priori by an expert panel of the Endocrine Society. We followed the standards set in the Preferred Reporting Items for Systematic Reviews and MetaAnalysis statement (14) .
Eligibility criteria
We included randomized, placebo-controlled trials that compared the efficacy and adverse events of TRT vs placebo in adult men with morning TT levels #300 ng/dL and one or more symptoms or signs of hypogonadism. The possibility of using free testosterone was discussed, but few studies recruited subjects based on free testosterone levels to reach a meaningful conclusion. The requirement for more than one TT level #300 ng/dL for defining hypogonadism was also considered but was deemed impractical, as very few studies required more than one TT measurement for participant eligibility. Trials in which patients received ,3 months of TRT or placebo and randomized trials of testosterone formulations, such as selective androgen receptor modulators or an androgen other than testosterone, were excluded. Symptoms and signs of hypogonadism were defined by the endocrine practice guideline criteria (1) and input from the expert panel (Appendix 1). Trials that included transgender individuals, patients with specific comorbidities (such as diabetes mellitus, human immunodeficiency virus-associated weight loss, or chronic obstructive lung disease), or men with drug-induced testosterone deficiency, such as that associated with the use of opioids or gonadotropinreleasing hormone agonists or antagonists, were also excluded.
The outcomes of interest were the following: sexual function, physical function, mobility, frailty, fatigue, mood, cognition, and anemia. Trials that used only surrogate measures or endpoints that were not deemed patient or clinically important (e.g., lean body mass, inflammation markers) were excluded.
We also evaluated two adverse events: lower urinary tract symptoms (LUTS) and erythrocytosis. Major adverse cardiovascular events and prostate cancer were not included, as no trial was long enough or large enough to provide a meaningful number of events, and only one trial used a prespecified standardized ascertainment of these adverse events.
Search strategy
A comprehensive search of several databases for manuscripts published in any language was conducted from their inception to 2 March 2017 (Appendix 2). The databases included Ovid Medline In-Process & Other Non-Indexed Citations, Ovid Medline, Ovid Embase, Ovid Cochrane Central Register of Controlled Trials, Ovid Cochrane Database of Systematic Reviews, and Scopus. The search strategy was designed and conducted by an experienced librarian with input from the study investigators. Additionally, controlled vocabulary, supplemented with keywords, was used to search for SRs and metaanalyses of testosterone therapy. We consulted content experts and manually screened the references from identified SRs to identify studies missed by our search strategy.
Selection of studies
Search results were uploaded into a SR software program (DistillerSR; Evidence Partners, Ottawa, ON, Canada). Reviewers, working independently and in duplicate, screened abstracts and titles for eligibility using standardized instructions. As part of calibration, eligibility criteria were iterated for clarity and consistency. Articles included by at least one reviewer were retrieved. Following abstract screening, eligibility of reports was assessed through full-text screening. To ensure consistency among reviewers, the performance of the reviewers on 10 full-text exemplary reports was assessed. We assessed the eligibility of each study using criteria that were described earlier. At the level of full-text screening, any disagreements were resolved by consensus between the two reviewers (O.J.P. and G.S.-B.).
Data collection and management
The reviewers performed data extraction independently and in duplicate using a standardized form. Reviewers used a web-based data collection form (DistillerSR) to extract the following: (1) inclusion criteria for each trial (age and TT level measurement time and cutoff), (2) intervention characteristics (number of arms being compared, testosterone dose, route of administration, frequency, and therapy duration), (3) population baseline characteristics (age, sex, racial demographics, and mean baseline TT levels), (4) any scale, score, or questionnaire related to efficacy outcomes at longest follow-up (sexual function, physical function, mobility, frailty, anemia, fatigue, mood, and cognition), (5) measures of effect for adverse events (erythrocytosis, LUTS), and (6) risk of bias indicators.
Outcome classification

Development and classification of constructs
Before beginning data extraction, two reviewers classified the scales, domains, and questions, reported in the included studies, into prespecified constructs of interest likely to be considered important by patients (PIO) (15) . To this end, we favored sexual function constructs, such as sexual desire, erectile function, and sexual satisfaction, which are recognized by experts and can be assessed using validated instruments [e.g., International Index of Erectile Function (IIEF) (16) ]. Thus, the use of frequency (e.g., frequency of ejaculations) alone, rather than any of these constructs, might not give a complete assessment of the impact of testosterone on a patient's quality of life as it relates to sexual function. Sexual activity was also included, as a result of the importance it has been given by influential entities, such as the U.S. Food and Drug Administration. The constructs used for classification were developed based on qualitative studies (15, 17) and a prior SR (4) that evaluated these PIOs in patients with similar characteristics to our population of interest (symptomatic patients with TT levels #300 ng/dL). As a result of the process, we identify the following constructs for evaluation: (1) erectile function (EF), (2) sexual desire or libido, (3) sexual satisfaction, (4) energy, (5) mood, (6) physical function, and (7) cognition.
When trials reported multiple scales measuring the same domain (e.g., EF), we included that which most reflected the underlying domain, as judged by the extractors. Additionally, overall scores of scales were prioritized over single domains or individual questions from a larger scale. Furthermore, scales measuring "fatigue" were considered to be measuring the same construct as the "energy" scales; e.g., we considered "less fatigue" to be equivalent to "more energy."
Author contact
Authors were contacted when it was unclear whether fulltext manuscripts were eligible for inclusion in this SR and if data necessary to perform a meta-analysis for the outcomes of interest were missing. Authors were contacted by an E-mail to the corresponding author. If no response was received after 1 week, then the author was contacted by phone. We contacted authors twice by phone, at 1-week intervals. If no response was received, then the first or last author was contacted by using E-mail and phone with the same interval period.
Risk of bias and confidence in the body of evidence
The risk of bias was assessed using the Cochrane Collaboration's tool for randomized clinical trials (18) . This tool takes into consideration six domains: (1) random sequence generation; (2) allocation concealment; (3) blinding of participants; (4) incomplete outcome data; (5) selective outcome reporting; and (6) other sources of bias. Disagreements were resolved by consensus between the two reviewers (O.J.P. and G.S.-B.). The overall confidence or overall quality of evidence for each outcome was appraised by discussion between the two extractors using the Grading of Recommendations Assessment, Development and Evaluation approach. This approach takes into account the risk of bias of the individual studies, inconsistency in the results, indirectness, imprecision, and other considerations to provide a global assessment of the confidence merited by the body of evidence (19) .
Summary measures and synthesis of results
We calculated standardized mean difference (SMD) or relative risk (RR) for each outcome of interest and pooled results using random-effect models. All statistical analyses were performed using Stata v15.0 (StataCorp, College Station, TX). In trials with more than one eligible active treatment arm, we chose the treatment regimen that most resembled the majority of active treatment arms of the other included studies for pooling in the meta-analysis. The other eligible active treatment arms were used for sensitivity analyses.
For continuous outcomes reported in different trials with different scales but reflecting the same construct (e.g., mood, sexual desire), we calculated their SMD. We also pooled scales, domains, or results that were reported in more than one trial (e.g., orgasmic function domain from the IIEF scale). In general, SMDs of 0.2, 0.5, and 0.8 are considered small, medium, and large treatment effects, respectively (20) . Inconsistency for each outcome, not attributable to chance, was assessed visually using forest plots and estimated using the percentage of variance in a meta-analysis that is attributable to study heterogeneity (I 2 ) statistic. I 2 , 25% reflects low inconsistency; I 2 . 75% reflects high inconsistency (21) . Subgroup analyses were planned based on testosterone formulation, route of administration, risk of bias, elderly population ($65 years old), and TT cutoff of #280 ng/dL.
Results
Study selection
A total of 2807 studies were identified through our search strategy. Full-text screening with moderate agreement between the reviewers (k = 0.54) identified 11 (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) publications, reporting on four trials and 1779 patients (Fig. 1 ) that met the prespecified inclusion and exclusion criteria.
Trial characteristics
All of the trials included adult men with at least one symptom of hypogonadism and with at least one morning TT level #300 ng/dL. However, only three trials (22) (23) (24) (25) (26) (27) (28) (29) (30) reported that they performed two morning TT measurements; this was confirmed by contacting the authors. Furthermore, one trial included only older men (.65 years old) and required an average of two morning TT levels #275 ng/dL (22, 24, (27) (28) (29) . The included trials used either a transdermal 1% testosterone gel or a 2% testosterone solution. The intervention duration in the included trials ranged from 12 to 52 weeks. The mean baseline TT levels ranged from 201.2 to 239 ng/dL (Table 1) . Two trials reported that participants who were assigned to TRT achieved mean on-treatment testosterone levels in the normal male range (.300 ng/dL) (26, 31, 32) . One trial reported that 73% of patients who received TRT achieved normal range levels (300 to 1050 ng/dL) at week 12 (23, 25, 30) . The remaining study (22, 24, (27) (28) (29) showed a statistically significant increase in serum testosterone in the TRT group compared with placebo. The overall risk of bias was judged to be low for all outcomes (Table 2) .
Meta-analysis of PIOs by construct
Symptomatic hypogonadal men treated with TRT had a small but statistically significantly improvement in sexual desire [SMD: 0.16; 95% confidence interval (CI), 0.01, 0.31], EF (SMD: 0.16; 95% CI, 0.06, 0.27), and sexual satisfaction (SMD: 0.17; 95% CI, 0.01, 0.34) compared with patients receiving placebo. There was a nonstatistically significant improvement in energy and mood in the testosterone group compared with the placebo group (Fig. 2) .
Two sensitivity analyses were performed. The first one included a third arm of the Steidle et al. 
Meta-analysis of PIOs by scales
Testosterone therapy had a small but statistically significant improvement in the EF domain of IIEF (SMD: 0.20; CI 95%, 0.08, 0.32) compared with placebo.
Two additional outcomes were available. The first one was a non-PIO, called orgasmic function, which was measured with the IIEF and is derived from two questions about ejaculation and orgasm frequency (16) . The second, sexual activity, a non-PIO but important for policymakers, such as the US Food and Drug Administration, was measured with the Psychosexual Daily Questionnaire (PDQ), which includes these two questions, as well as items inquiring about sexual daydreams, anticipation of sex, flirting, sexual interactions with partner, erection, masturbation, and intercourse (33) . The analysis on both outcomes found that testosterone treatment had a small, statistically significant improvement in overall sexual activity (SMD: 0.23; CI 95%, 0.13, 0.33; Fig. 2 ) but had no significant effect on orgasmic function (SMD: 0.11; CI 95%, 20.04, 0.26).
Narrative synthesis
One trial (22, 24, (27) (28) (29) 
23). Memory
Complaint Questionnaire is a self-reported instrument that asks patients to assess their current memory relative to the past or their memory performance over time (34) .
Meta-analysis of adverse events
The participants assigned to testosterone arms of the included trials had a statistically, significantly higher frequency of erythrocytosis (hematocrit .54% or hemoglobin .17.5 g/dL) compared with placebo (RR: 8.14; CI 95%, 1.87, 35.40; Fig. 3 ). There was no statistically significant difference in LUTS scores between the testosterone and placebo arms of two trials (MD: 0.38; 95% CI, 20.67, 1.43; Fig. 4 ).
Grading of Recommendations Assessment, Development and Evaluation approach to assess the quality of evidence
Quality of evidence was high for EF, sexual satisfaction, sexual desire, physical function, and erythrocytosis, as a result of low risk of bias, low heterogeneity, evidence included that answers the review question (indirectness may not be an issue), and precise results (a considerable number of events and consistent message about benefit or harm) ( Table 3) . Although results for sexual desire were somewhat heterogeneous (I 2 = 54.8%), there was not a substantial variation in the effect estimates across studies, and there was a clear overlap of CIs among trials. Energy, mood, subjective memory complaint, LUTS, and orgasmic function were moderate as a result of nonsignificant treatment effects. Estimates of effects on sexual activity were also judged to be moderate quality; although it is an important outcome for many policymakers and experts, it is not a PIO (indirectness). Furthermore, orgasmic function was downgraded, as a result of nonsignificant treatment effect and not being a PIO, resulting in low quality of evidence.
Discussion
High-quality evidence shows that compared with placebo, testosterone therapy was associated with a small but substantial improvement in sexual desire (libido), EF, sexual activity, and sexual satisfaction in hypogonadal men. However, TRT was also associated with a substantially increased risk of developing erythrocytosis. No statistically significant effect was found on energy, mood, or LUTS.
Comparison with previous findings
To generate an accurate comparison, an additional systematic search was performed by using databases mentioned before. The search was tailored to find SRs and meta-analysis in English with similar inclusion and exclusion criteria to our study. We did not find any SR with these characteristics, making this SR one that truly included hypogonadal men for whom TRT is recommended.
Although no SR retrieved by our search met our inclusion criteria, three important SRs bore some resemblance. The first one included hypogonadal or healthy men with sexual dysfunction and performed a subgroup analysis on patients with low mean levels of TT at baseline Erythrocytosis Figure 3 . Meta-analysis of erythrocytosis. event1 and event2, the number of events in each arm; (n), number of patients. Hence, a comparison with our study may be misleading because of their subgroup analysis definition and high inconsistency in effects of included trials. Two additional SRs included male populations with late-onset hypogonadism (9, 11) , which is defined by the presence of hypogonadal symptoms and decreased levels of testosterone (35) . One of them, however, had a TT cutoff for inclusion of ,433 ng/dL; thus, the included trials likely recruited eugonadal, as well as hypogonadal, men, as defined by current Endocrine Society recommendations (11) . The outcomes of interest were quality of life and the Aging Male's Symptom (AMS) scale. They found that AMS psychological (SMD: 20.89; 95% CI, 21.41, 20.37; n=1212) and sexual (SMD: 21.29; 95% CI, 21.75, 20.83; n= 1212) subscales improved with TRT compared with placebo. These trials did not use modern psychometrically robust instruments for the ascertainment of sexual function, and the AMS psychological subscale also differs from the mood and energy scales used in the trials included in our SR. The last SR included participants without regard to a specific eligibility threshold for testosterone level, therefore, included participants who were not hypogonadal. Similar to our findings, this SR also did not find a change in LUTS after testosterone treatment compared with placebo (P . 0.05, n=2029) (27) .
Thirteen additional SRs and meta-analysis with some characteristics similar to our study were found. The risk of the development of erythrocytosis was also increased in one SR of men $45 years old with low or low-normal testosterone levels (odds ratio: 3.67; 95% CI, 1.82, 7.51; n = 1084) (8) . Moreover, EF, measured by the IIEF questionnaire was improved across all studies that included male participants with low levels of testosterone (10, 12) . These SRs used variable definitions of hypogonadism and often included men who were not hypogonadal; some included patients with other comorbidities, and some compared TRT with other treatments.
Implications for practice
These SR and meta-analysis fill an evidence gap and summarize the effects of TRT on patients who are considered to be hypogonadal based on current clinical recommendations. Patients, who place high value on improving sexual desire and EF and consider TRT to have a low value on burden of treatment in terms of cost, need for follow up, and risk adverse effects, such as erythrocytosis, may be good candidates for therapy. Patients may wish to know that TRT has not been shown to improve energy, mood, or cognition in symptomatic hypogonadal men and be offered other, evidence-based therapies for these symptoms. Clinicians and patients might elect not to initiate therapy if harm of therapy for that particular patient outweighs the benefits. International Prostate Symptom Score Individualization of care should be arrived at through shared decision-making. A more personalized treatment approach, based on patient values and preferences, will likely bring more patient-centered testosterone prescription patterns with the potential to decrease the overprescribing of hormone replacement therapy to millions of Americans (36, 37) . To inform better these shared decision-making conversations, future testosterone studies should be monitored over longer periods of time to evaluate other potential benefits and harm of testosterone therapy. For instance, it is still unclear what the effect of TRT is on patient-important cardiovascular outcomes, fractures, and possible sequelae of long-term erythrocytosis (38) . To this end, larger clinical trials or more rigorous observational studies are needed.
Strengths and limitations
These SR and meta-analyses are unique for their inclusion of trials that included participants who met the criteria for the diagnosis of hypogonadism, based on the Endocrine Society's clinical guideline (4), i.e., trials that recruited hypogonadal men based both on low TT levels, defined as TT level #300 ng/dL, and the presence of one or more symptoms or signs of hypogonadism. The reported outcomes included in this meta-analysis were those that the Endocrine Society's expert panel and patients (15) deemed clinically relevant and patient important and that were ascertained using validated instruments. Almost all of the outcomes have moderate to high quality of evidence.
Limitations of this report include the heterogeneity of instruments used to ascertain outcomes across trials. The patient population recruited in these trials was also heterogeneous and likely included a mix of men with organic hypogonadism as a result of known diseases of the testes, pituitary, and the hypothalamus; age-related decline; and possibly low testosterone levels as a result of other conditions. We did not obtain data on how the symptoms improved based on the on-treatment testosterone levels, which would have required an individual patient data meta-analysis. There have been efforts to develop and standardize patient-reported outcomes to ascertain the efficacy of treatment in hypogonadal men (5); however, their uptake in research and clinical settings is still low. None of the trials was long enough or large enough to have sufficient statistical power to determine the effects of TRT on the incidence of prostate cancer, major adverse cardiovascular events, or bone fractures. The data on performance-based measures of physical function were available only in one trial, precluding a meta-analysis.
Conclusion
TRT improves sexual desire, EF, and sexual satisfaction but not mood, energy, or cognition in hypogonadal men.
Testosterone treatment increases the risk of erythrocytosis in hypogonadal men but does not affect LUTS. Practicing clinicians may wish to incorporate these findings when discussing the benefits and harms of TRT with their patients.
